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83. (As Filed) The device of claim 66, wheifein said second conductive 
layer pattern comprises polysilicon. 

84, (As Filed) The device of claim 66, wheifein said second insulating 
layer comprises a second oxide layer. 

85. (As Filed) The device of claim 66, wherein said second plurality of 
contact holes are formed by a photoresist process, 

86. (As Filed) The device of claim 66, wherein said second plurality of 
contact holes are formed by a wet etch process. 

87, (As Filed) The device of claim 66, whefein said second plurality of 
contact holes are formed by a dry etch process, 

88, (Previously Once Amended) The device of claim 66, wherein said 
second plurality of contact holes are filled by a CVD process. 



REMARKS 



and 



Claims 1-28, 30-39, 41-43, 45-70, 72-80 
application. Claims 1 , 5> 6, 10, 12, 15, 17, 20, 23, 27, 30, 
and 66 have been amended, No other claims have been 
canceled. Hence, claims 1-28, 30-39, 41-43, 45-70, 72-80 
Reconsideration of the subject application as amended is 

Claims 1-28, 30-39, 41-43', 45-70, 72-80 
under 35 U.S.C. § 103(a) as being unpatentable over 
[AAPA] (as depicted in Figs. 1 A and IB of U.S. Patent No 



82-88 were pending in this 
,32, 34, 36, 39, 41,64, 65 
eitlher amended, added or 

and 82-88 remain pending, 
respectfully requested. 
82-88 have been rejected 
applij^nt's (admitted prior art 
5,683,938) in view of 
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Gutierrez (U.S. Patent No, 5,069,749) taken together with Wolf (textbook Chapter 4 
Entitled "MULTILEVEL-INTERCONNECT TECHNOLOGY'*); Applicant amends 
each of the pending independent claims, and respectfully trkverses the rejection in light of 
the claims as amended. 

As amended, Applicant's claim 1 includes, inter ali^ forming contact 
holes that have a tapered ypper portion, wherein the tapered uoneir portion is 
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distinguishable from substantially vertical lower portion . This is in stark contrast to the 
untapered hole taught and illustrated by Wolf at Fig. 4-43(4). Office Action of 3/14/2002 
at pg< 4, The Office Action notes that the "real world" picture included as Fig. 4-43 (b) 
shows that a vertical hole is only substantially vertical, while exhibiting some degree of 
taper. Id. Based on this and a broad reading of claim 1, it ;s asserted that prior to the 
amendment, claim 1 "read on the inherent taper of a vertic;il walljvia expected as is 

shown in Fig. 4*43(b) of Wolf." Id. As amended, claim 1 does riot read on Fig. 4-43(b), 

i 

and for at least this reason the rejection is overcome and this claiii is in condition for 
allowance. 

Further, independent claims 1, 5, 6, 10, 12, 
34, 36, 39, 41 , 64, 65, and 66 have each been amended to»i delude; limitations not 
illustrated by Fig, 4-43(b). For at least this reason, the rejection 6f the claims is 
overcome and the claims are in condition for allowance. Further; all other claims depend 
from an allowable independent claim, and are thus also in pondition for allowance for at 
least this reason. 



15, 17i 20, 23, 27, 30,31,32, 



CONCLUSION 

In view of the foregoing, Applicants believ< > 
Application are in condition for allowance, The issuance <j>f 
Allowance at an early date is respectfully requested, 



all claims now pending in this 
a formal Notice of 
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If the Examiner believes a telephone conference would expedite 
prosecution of this application, please telephone the undersigned U 303-571-4000. 
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Douglas M. Hamilton 
Reg, No. 47,029 



TOWNSEND and TOWNSEND and CREW LLP 

Two Embarcadero Center, 8 Floor 

San Francisco, California 941 1 1*3834 

Tel: (303)571-4000 

Fax:(303)571-4321 

DMH:sbm 

DE 7066911 vi , 



mitted, 
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1 . A method for filling contact holes with n^etal by two-step deposition of 
metal layers, said method comprising the steps of: 

providing a silicon substrate; 

forming a field oxide layer and a junction lsyer aojd gate electrode on said 
silicon substrate; 

forming a first insulating layer on exposed portions of the field oxide 
layer, the junction layer, and the gate electrode; 

forming a first plurality of contact holes of iubstantially equal depth by 
removing portions of the first insulating layer to expose sa d junction layer and said gate 
electrode, respectively the first plurality of contact holes having i tapered upper portion^ 
wherein the tapered upper portion is distinguishable from a substantially vertical lower 
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of 6ontact holes, entirely, 
said first plurality of 



portion; 

filling a first metal layer into the first plurality 
the first metal layer being grown over and extending slightjiy beypnd 
contact holes; 

forming a conductive layer pattern on the fi)$t insulating layer spaced 
from said first metal layer, 

forming a second insulating layer on exposed portions of the conductive 

i 

layer pattern, the first insulating layer, and the first plurality of contact holes; 

forming a second plurality of contact holes 
removing portions of said second insulating layer to expos 
the conductive layer pattern, respectively and 

filling a second metal layer into said seconc, 
contact the first metal layer and the conductive layer pattern respectively, 



2. A method according to claim 1, wherein the firslt metal layer and 

i 

subsequently the second metal layer are formed by chemical vapor deposition method. 



Df substantially equal depth by 
5 bothlthe first metal layer and 



plurality of contact holes to 
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3. A method according to claim 1, wherein 
[filled in each of] fills the second plurality of [contacts] 
substantially equal depth. 



Ihe filling a second metal layer 
cAntact holes [has] t&a 



4, A method according to claim 1 , ! wherein 
layers are selective tungsten layers, respectively,: and the 
contact holes are filled with the first and second metal 
layers, respectively. 



layers 
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1 he fir^t and second metal 
fiist and second plurality of 
of the selected tungsten 



5. A method for filling contact holes with m etal by a two-step deposition 
of metal layers, said method comprising the steps of; 
providing a silicon substrate; 

forming a field oxide layer and a junction layer and gate electrode on said 

i 

silicon substrate; j 

forming a first insulating layer on exposed portions of the field oxide 

layer, the junction layer, and the gate electrode; j 

forming a first plurality of contact holes of iiubstantially equal depth by 

removing portions of the first insulating layer to expose sai d junction layer and said gate 

electrode, respectively the first plurality of contact holes having 4 tapered upper portion 

< 

and a substantial1y_vertical lower portion : 

i 

filling a first metal layer into entire first plu -ality <|f contact holes by one 
single step, the first metal layer being grown over and extending slightly beyond said first 
plurality of contact holes; 

forming a conductive layer pattern on the fi^t instating layer spaced 
from said first metal layer; 

forming a second insulating layer on exposed portions of the conductive 
layer pattern, the first insulating layer, and the first plurality of contact holes; 
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forming a second plurality of contact holes 
removing portions of said second insulating layer to exposi 
the conductive layer pattern, respectively and 

filling a second metal layer into said second 
contact the first metal layer and the conductive layer patter i respectively 



of substantially equal depth by 
both ihe first metal layer and 



6. A method of forming a substrate with contact h<bles. said method 



comprising: 



substrate: 



providing a substrate; 
forming an oxide laver. a junction layer and 



forming a first insulating laver on exposed portions of the oxide laver, the 
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plurality of contact holes to 



a gatdi electrode on said 



junction laver. and the gate electrode: 

formi ng a ffrs f plurality of contact holes of Substantially equal depth bv 



removing portions of the first insulating laver to expose said junction laver and said gate 



electrode* respectively, the first plurality of contact holes having k tapered upper portion. 



wherein a taper angle of the tapered upper portion is greate r than fa taper angle of the 



lower portion: 



forming a first conductive material laver into the first plurality of contact 



holes, entirely, the first conductive material laver being grown over and extending 



sli ghtly bevond said first plurality of contact holes: 

forming a conductive laver pattern on the first insulating laver spaced 



from said first conductive material laver: 

forming a second insulating laver on exposed portions of the conductive 



laver pattern, the first insulating layer, and the first plurality of contact holes: 



foiming a, second plurality o£contact holes 



removing portions of said second insulating laver to expos 



material laver and the conductive layer pattern, respectively: and : 



3f substantially equal depth bv 



both the first conductive 
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forming a second conductive material laver 



contact holes to contact the first conductive material layer And the conductive laver 



pattern, respectively. 
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into saftd second plurality of 



7. A method according to claim 6. wherein the first conductive material 



laver and subsequently the second conductive material lavrr are formed bv a chemical 



vapor deposition process* 



8. A method according to claim 6, wherein i formin g a second 



conductive material laver fills_the second plurality of contact holes to a substantially 



equal depth. 



9. A method according to claim 6. wherein 



material layers comprise_firstand second tungsten layers, respectively, and the first and 



second plurality of contact holes are filled with the first and second tungsten layers. 



respectively. 



comprising: 



substrate: 



10. A method of forming a substrate with contact holes, said method 



providing a substrate: 
forming an oxideJaver. a junction laver and 



:he first and second conductive 



fojFming_a first insulating laver on exposed portions of the oxide laver, the 



j.unc_tip_nJaver. and the gate electrode: 



a gate electrode on said 



forming a first plurality of contact holes of substantially equal depth bv 



removing portions of the first insulating layer to expose sai 



electrode, respectively, the first plurality of contact holes having a tapered upper portion, 



the tapered upper portion being distinguishable from a substantially vertical lower 
portion: 



d junction laver and said gate 
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forming a first conductive material Iaver into entire first plurality of 



contact holes in a continuous step, the first conductive material laiver being grown over 



and extending slightly beyond said firstnluralitv of contacl 



forming a conductive layer pattern on the first insulating layer spaced 



from said first conductive material laver. 



forming a second insulating laver on exposed portions of the conductive 



Iaver pattern, the first insulating layer, and the first plurality of contact holes: 
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I 



forming a second plurality of contact holes of substantially equal depth by 



removing portions of said second insulating laver to expose both fche first conductive 



material laver and the conductive laver pattern, respective! /: and !- 



forming a second conductive material laver into said second plurality of 



contact holes to contact the first conductive material laver 



: tnd the conductive laver 



pattern, respectively. 



1 1 . A method accordi n g to claim 1 0. wherein said steps of forming said 



first and said second conductive material layers comprise filling said first and said second 



plurality of contact holes, respectively. 



12. A method of forming a substrate with c< intact holes filled by multi-step 



deposition of conductive layers, said method comprising: 
providing a_sytfesMt$; 
forming anoxide laver and a junction laver 



forming a first insulating laver on exposed portioris of the oxide layer_an_d 



the junction laver: 

forming a first contact hole of substantially [equal depth to other contact 



holes in the first insulating laver by removing a portion of he first insulating layer to 



expose said junction laver. the first contact hole having a_tapered!upper portion, wherein 



on said substrate: 



aJa pen angle of the tapered upper portion deviates from a tkper angle of the lower 



portion: 
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forming a first conductive material laver info the first contact hole. 



entirely: 



forming a conductive laver pattern on the fi'st insulating laver spaced 



from said first conductive material layer: 

fnrminpr fl secon d insulating: laver on exposed portions of the conductive 



laver pattern, the first insulating laven and the first contact 



formin g a second contact hole bv removing 
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hole: 



portions of said second 



insulating laver to expose the first conductive material laver: and ' 



forming a second conductive material laver into said second contact hole 



to contact the first conductive material laver. 



13, A method as in claim 12, further comprising: ; 



forming a third contact hole bv removing portions! of the second insulating 



laver to expose the conductive laver pattern: and 

forming the second conductive material laver intoithe third contact hole to 



contact the conductive laver pattern. 



14. A meth od as in cl aim 12. wherein said first and said second conductive 



material layers comprise a metal. 



IS. A method of forming a semiconductor with contact holes filled bv 



multi-step deposition of conductive layers, said method conprisihg 



providing a silicon substrate: 
forming an oxide laver and a gate electrode 



forming a first insulating laver on exposed portions of the oxide laver and 



the gate electrode: 

forming a first plurality of contact holes of kibstantiallv equal depth bv 



on sairi substrate: 



removing portions of the first insulating laverJo expose sa: 



d gate electrode, the first 
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plurality of contact holes having a tapered upper portion, wherein the tapered upper 



portion is distinguishable from the relatively untanered Iotx 



filling a first conductive material laver into 



i he first plurality of contact 



holes, entirely: 



forming a conductive laver pattern on the fh-st insiilating laver spaced 



from said first conductive material layer: 

forming a second insulating laver on exposdd portions of the conductive 



laver pattern, the first insulating layer, and the first plurality of cdntact holes: 



forming a second plurality of contact holes of substantially equal depth bv 



removing portions of said second insulating layer to exposfe both Ithe first conductive 



material laver and the conductive lavemattem: and 

filling a second conductive materi'al laver into said second plurality of 



NO. 185 



P. 35 



PATENT 



er portion; 



contact holes to contact the first conductive material laver and the conductive layer 



pattern. 



1 6. A method as in claim 15. wherein said first and second conductive 



material layers comprise first and second metal layers. 



17. A meth od of forming a semi conductor vrith contact holes filled bv 



multi-step deposition of conductive material layers, said msthod bomprising: 



providing a substrate: 
forming an oxide laver and a first conductive laver pattern on said 



substrate: 



forming_a first insulating laver on exposed portions of the oxide laver and 



the first conductive laver pattern, wherein a thickness of th b first Usulating laver is 



substantially uniform: 

forming a first contact hole bv removing a zjortion of the first insulating 



laver to expose said_first conductive laver pattern, the first 



contact hole having a tapered 
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u pper portion, wherein the tapered upper portion is distingmshable from a substantially 



vertical lower portion: 

forming a first conductive material laver intb the first contact hole, filling 
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said first contact hole entirely: 

forming a second conductive laver pattern oh the first insulating laver 



spaced from said first conductive material laver. 

forming a second insulating laver on exposdd portions of the second 



conductive laver pattern, the first insulating laver. and the first conductive material laver: 



forming second and third contact holes of substantially equal depth bv 



removing portions of said second insulating laver to expose both the first conductive 



material laver and the second conductive laver pattern, respectively: and 



forming a second conductive material lavei 



contact boles to contact the, first conductive material laver 



and the second conductive 



laver pattern, respectively. 



1 8. A method as in claim 17. wherein said first conductive laver pattern 



comprises a gate electrode. 



19. A method as in r lfljm 1 7 1 wherein said first and second conductive 



material layers comprise first and second metal layers. 



20. A method of forming a semiconductor with contact holes filled bv 



into said second and third 



multi-step deposition of conductive layers, said method co: uprising 



providing a substrate: 
forming an oxide laver. a junction laver and 



pattern on said substrate: 

forming a first insulating laver on exposed portions of the oxide laver. the 



a firsf conductive layey 



junction laver. and the first conductive laver pattern: 
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forming a first plurality of contact! holes of substantially equal depth bv 



removing portions of the first insulating layer to expose saijd junction layer and said first 
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conductive layer pattern, respectively, the first plurality of contact holes having a tapered 



u pper portion, wherein the tapered upper portion includes 



he first plurality of contact 



relatively vertical lower portion: 

filling a first conductive material layer into 

holes, entirely: 

forming a second conductive lavef pattern ojn the first insulating layer 



spaced from said first conductive material laven . 

forming a second i nflatin g layer on exposdd portions of the second 



taper angle greater than a 



conductive laver pattern, the first insulating laver. and the : irst plurality of contact holes: 



forming a second plurality of contact holes 



>f substantially equal depth bv 



removing portions of said second insulating layer to expose both 'the first conductive 



material layer and the second conductive laver pattern, respectively: and 



filling a second conductive material laver into said second plurality of 



contact holes to contact the first conductive material laver and the second conductive 



laver pattern, respectively. 



21. A method as in claim 20. wherein said first and second conductive 



material layers comprise first and second metal layers. 



22. A method as in claim 2Q. wherein said nrst conductive laver pattern 



comprises a gate electrode. 



23. A method of forming a semiconductor \rith contact holes filled by 



multi-step deposition of conductive layers, said method co reprising 



providing a substrate: 

forming an oxide laver. and first and second regions on said substrate: 
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forming a first insulating layer o n exposed ; xoxtlons of the oxide laver and 
said first and said second regions; 

forming & first plurality of contac t holes of Substantially equal depth bv 



removing portions of the first insu lating layer to expose sa id first! and second regions, the 



first plurality of contact holes havi ng a tanered upper portnn, wherein the tapered upper 



pj^n includes a taper angle greater than a relatively vert 
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cal lower portion: 



forming a first conduc tive material layer inlL and;fiUing entirely, the first 



plurality of contact holes: 

formins a conducti ve laver partem on the fitet ins&lating layer spaced 



fom-said first conductive material laver: 

r 

forming a second insulating laver on exposed portions of the conductive 



bver pattern, the first ins ulating laver. and the first conducive m'aterial laver 



farming a s econd plurality of contact holes 



removing portions of said second insu lating laver to exnosfe both the first conduct* 



material laver and the conductive laver pattern: and 

forminp; a crvnnd conductive material laver 



itsubstantia lbLeaual depth bv 



contact h oles to contact the first conductive material laver 
pattern. 



and the conductive laver 



junction laver. 



24^A.method as in cl aim 23. wherein said first region comprises a 



into s£id second plurality of 



electrode. 



25. A method as in claim 23. wherei n said second legion comprises a pate 



26. A method aa in claim 33, wtwein said first and second_conductive 



material layers compri se first and second metal layers. 
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27, A method of forming a semiconductor with contact holes fillecLhy 
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multi-step deposition of conductive layers^ said method co 



providing a substrate: 
formin g an oxide layer, a junction layer an<La_gate_e1ectrode on said 



substrate: 



forming a first insulating laver on exposed portions of the oxide layer, the 



junction layer, and the gate electrode: 

forming a first plurality of contact Jio1es_of_ 



removing portions of the first insulating layer to expose said junction layer and ..said-gate 



electrode, respectively* wherein said first plurality of contact holes have an upper portion 



and a lower portion, said upper portion exhibiting a first tajer^angle greater than a second 



taper angle exhibited by said lower portion: 

forming a first conductive material layer info the first plurality of contact 

holes, entirely: 

form in g a conductive laver pattern on the fi|rst instating laver spaced 



tnprismg: 



lUbstahtiaUy equal depth by 



from said first conductive material laver: 



forming a_s^_ond_in$ulating_layer on exposed portions of the conductive 



laver pattern, the first insulating layer, and the first pluralit v of cdntact holes; 



forming a second plurality of contact holes ^j^h^ 



removing portions of said second insulating layer to expose bothlflie first conductive 



material laver and the conductive layer pattern: and 

forming a second_c_o_uduc.tlve material layer 



into sAid second plurality of 



contact holes to contact the first conductive material laver and the conductive laver 



pattern. 



28. A method as in claim 27, wherein said first and second conductive 



material layers comprise first and second metal layers. 
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30. A method offonning a semiconductor foth contact holes filled by 
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multi-step deposition of metal layers, said method comprising: 



providing a substrate: 
forrningLaix oxide layer and a junction layer 



forming a first insulating layer on exposed portions of the oxide layenarid 



the junction layer: 

forming a first plurality of contact holes of 



removing portions of the first insulating layer to expose said junction layer, the first 



pluralify_of contact holes having a tapered upper portion, wherejmthe tapered upper 



portion exhibits a taper angle, greater than a taper angle of 



forming a first metal laver into the first pltualitv of contact holes, entirely: 



formingLa conductive JayejLpattem on the first insWting layer spaced 



from said first metal laver: 



on said substrate: 



lubstantially equal depth by 



a lowe'r portion: 



forming a second insulating laver on exposed portions of the conducti ve 
laver pattern. the_firstjnsulating layer, and the first pluraliltv of contact holes; 



formin g a second plurality of contact holes 



of substantially equal depth by 



removing portions_of said second insulating layer to expos 



s bothlthe first metal laver and 



the conductive laver pattern, respectively: and 

fpuning_a_second metal layer into said secofad plurality of contact holes to 



contact the first metal laver and the conductiveJayer pattecn. respectively 



3 1 . A method of forming a semiconductor with contact holes filled by 



multi-step deposition of metal layers, said method comprising 



providing a substrate: 
forming anjjxide layer and a gate electrode 



forming a first insulating laver on exposed portions of the oxide layer and 



the gate electrode: 

forming a first plurality of contact holes of Substantially equal jjepfliby 



removing portions of the first insulating laver to expose said gatej electrode, the first 
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plurality of contact holes having a tapered upper portions therein the tapered upper 



portion is distinguishable from a substantially vertical lowgrparijon: 



filling a first metal laver into the first plurality of fcontact holes, entirely: 
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forming a conductive laver pattern on the first insulating layer spaced 



from said first metal layer: 

forming a second insulating laver on expos 



vA portions of the conductive 



laver pattern, the first insulating laver. and the first pluralil v of contact holes 



forming a second plurality of contact holes 



of substantially equal depth by 



removing portions of said second insulating laver to expos s both-the first metal laver and 



the conductive laver pattern, respectively: and 

filling a second metal laver into said seconc ! plurality of contact holes to 



contact the first metal laver and the conductive laver pattern, respectively, 



32, A method ofiaanin^ contact holes filled_by 



multi-step deposition of metal layers^ said methQd_comprismg; 



providing a substrate: 

forming an oxide layer and a first conductive laveir pattern on said 



substrate: 



forming a first insulatingJayeiLonLexposed portions of the oxide layer and 



the first conductive laver pattern, .wherein a tlnckness of the first iinsulating laver is 



substantially uniform: 

fanning a first contact hole bv removing a fortiori of the first insulating 



laver to expose said first condu^tiveJayer pattern, the first 



upper portion^ wherein the tapered upper portion is distingiushajble_from a substantially 



vertical lower portion: 

£ojmingLa_first metal laver into the first plurality ofcontact hole, entirely: 



forming a_s_eoond conductive laver pattern on the_fir$t insulating layer 



spaced from said first metal layer: 



contact hole having a tapered 
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fonning_a second jjisulating layer on exposed portions of the second 



conductive layer pattern, the first insulating layer, and the 



forming second and third contact holes of substantially equal depth bv 



removing portions j)f said second insulating layer to expose the first metal layer and the 



sec_ond_conductive layer pattern, respectively: and 

fQTtnitig_a_s_econd metal laver into said secohd and! third contact holes to 



contact the first metal laver and the_second conductive lavor pattern, respectively 



33. A method as in claim 32» wherein said iirst conductive layer pattern 



comprises a gate electrode. 



34, A metbadj3ijfo_TTning a semiconductor a /ith cdtitact holes filled bv 



multi-step deposition of metal layers._said method_comprising: , 



providing a substrate: 
forming an oxide layer and a junction layer 



pattern on said substrate: 

forming a first insulating laver o nj^ojgedAo^ 



junction laver. and the first conductive laver pattern: 

fojminp_a_first plurality of contact holes of feubstantiallv equal depth bv 



ISO. 185 



P. 42 



PATENT 



first contact hole: 



and first conductive laver 



removing portions of the first insulating laver to expose sa d junction laver and said first 



conductive laver pattern, respectively. thejjystplurality of contact holes having a tapered 



u pper portion, wherein the tapered upper portion, is distinguishable from a substantially 



vertical lower portion: 

form inpr a fiyyf metal laver_mto the first plurality of contact holes, entirely: 



forming a second conductive laver pattern on the first insulating laver 



spaced from said first metal laver: 

forming a second insulating laver on exposed portions of the second 



conductiveiayer pattern, the first insulating laver. and the first plurality of contact holes 



i 
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forming a second plurality of contact holes. 



removing portions of said second insulating layer to expose both the first metal layer and 



the second conductive layer pattern. respectivelyLaod 

forming a second metal layer into said second plurality of contact Jiole_s_t_o_ 
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of substantially equal depth by 



contact the first metal layer and the second conductive layerjattbmespectivelv 



35. A method as in claim 34, wherein said first conductive-layer pattern 



fiBUBBdrai&ffite electrode. 



36. A met hod of formin g a semiconductor with contact holesJfilled_by 



mu1t^step_d eppsition of metal layers, said method compris 



ing: 



providing a substrate: 
forming an oxide layer, and first and second reeiohs on said substrate: 



forming a first insulating layer on exposed portions of the oxide layer, the 



first region and the second region: 

forming a first plurality of contact holes of (substantially equal depth bv 



removing portions of the first insulating layer to expose said first and said second region 



respe&faely. the first plurality of contact holes having a tapered upper portion and a 



substantially vertical lower portion: 

forming a first metaLlaverinto the first plurality of contact holes, to fill 



said first plurality of contactholes entirely: 

forming, a conductive layer pattern on the fij-st insulating layer spaced 



from said first metal layer: 

forming a second insulating laver on exposed portions of the conductive 



layer pattern, the first insulating laver. andJhe.first plurality of cdntact holes: 



forming a second plurality of contact holes of substantially equal depth bv 



removing portions of said second insulating layer to expose bothfche first metal laver and 



the conductive laver pattern, respectively: and 
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forming a second metal layer into said seco 



contact the first metal layer and the conductive layer pattern,, respectively, 



37. A method as in claim 36, wherein said fast region comprises a 



junction layer. 



38, A method as in claim 36, wherein said second'region comprises a gate 



electrode. 



39. A method of forming a semiconductor with crintact holes filled by 



PATENT 



rid plurality of contact holes to 



muJti-step_deposition of metal layers, said method comprising: 



providing a substrate: 
fhnvnnp a n oxide laver* a junction laver an j a_gale_electeode_on.said 



substrate: 



forming a first insulating laver on exposed portiotis_of the oxide layer, the 



junction layer, and the gate electrode: 

forming a first plurality of cpTXtactJioles of Substantially equal depth by 



removing portions of the first insulating layer to expose said junction laver and said gate 



electrode, respectively, wherein said first plurality of contact hotes have a tapered upp er 



portion^ and wherein a taper angle ofthe_tapered upper portion islgreater than a taper 



angls_of a lower portion: 

forming a first metal-layer into the first plurjalitv of contact holes, to fill 



said first plurality of contact holes entirely; 

form ing a re ductive layer pattern on the first instil atinglayer spaced 



from said first metal layer 

forming a second insulating laver on exooseld portions of the conductive 



layer-pattern, the first insulating layer, and the first plurality of crintact holes: 
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forming a second plurality of contact holes 



of substantially equal depth by 



removing portions of said second insulating layer to expos^ both [the first metal layer and 



the conductive layer pattern, respectively: and 

forming a second metal laver into said second plurality of contact holes to 



contact the first metal layer and the conductive layer patteiW respectively. 



41 . A method of forming a ^ e yniconductor vrith contact holes filled bv 



multi-step deposition of conductive material layers, said m sthod comprising 



providing a substrate: 
forming_aTi oxide laver and a first conductiy 



e layer pattern on said 



substrate: 



forming a first insulating laver_on; exposed portions of the oxide laver and 



the first conductive laver pattern, wherein a thickness of the first insulating laver is 



substantially unifoxroi 

forming a first contact hole by removing portions bf the first insulating 



layer to expose said first conductive laver pattern, wherein 



upper portion and a lower portion, said upper portion tapered at anaogle greater than said 



lower portion: 



forming a first conductive material laver Wo the first contact hole. 



entirely: 



forming a second conductive laver pattern on the first insulating laver 



spaced from said firstmetalJlayen 

forming a second in^latinglayerAtLexpos^d portions of the second 



conductive laver pattern, the first insulating layer, and the_:irst contact hole: 



forming second and third contact holes of substantially equal depth by 



removing portions of said second insulating laver to expose both tiie first conductive 



material layer and the second conductive laver pattern, respectively: and 



NO. 185 



P. 45 
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said first contact hole has an 
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forming a second conductive material layer 



contact holes to contact the first conductive material laver pd the second conductiye 
layer pattern, respectively. 



42. The method of claim 41. wherein said first cond uctive material layer 



NO. 185 P. 46 
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into said second and said third 



comprises a metal. 



43. The method of claim 42. wherein said nietal comprises tungsten 



45. The method of claim 41. wherein said first conductive laver pattern 



comprises a gate electrode. 



46. The method of claim 41. wherein said first conductive laver pattern 



comprises a gate electrode overlying a gate oxide. 



47. The method of da*™ 41 n whefein said forming an oxide laver and a 



first conductive layer pattern further comprises forming a 



unction laver. 



48. The method of claim 41. wherein said jimction laver comprises a N+ 



junction. 



junction. 



49. The method of claim 41. wherein said t motion laver comprises a F+ 



50. The method of claim 4L wherein said first conductive laver pattern 



comprises polvsilicon. 



51, The method of claim 4L wherein saM first ins ulating laver comprises a 



fast Qxifle layer. 
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52. The method of_claim 41, wherein said step of forming said first contact 



hole comprises a photoresist process. 



S3. The method of_claim 41. wherein said step of forming said first contact 
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hole comprises a wet etch process. 



54. The method of claim 41, wherein said si ep of forming said first contact 



hole comprises a dry etch process. 



55. The method of claim 47, wherein said g 



hole further exposes said junction layer. 



56, The method of claim 4L wherein said nrst contact hole has a tapered 



upper portion. 



ep of forming said first contact 



\ 57, The method of claim 41. wherein said si;ep of forming said first 

0 *\\ • conductive material laver comprises a CVD process. 

58. The method of claim 4L wherein said second conductive layer pattern 
comprises polvsilicon. 

59. The method of claim 41 n wherein said second insulating layer 
comprises a second oxide laver. 

60. The method of claim 41. wherein said snep of forming said second and 
said third contact holes comprises a photoresist process. 
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61 . The method of claim 4L wherein said step of forming said second and 



said third contact holes comprises a wet etch process. 



62. The method ofc.laJm 41. wherein said step of foimirig said second and 



said third contact holes comprises a dry etch process. 



63. The m ?fhnH nf Haim 41 . wherein said step of forming said second 



NO. 185 
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conductive material laver comprises a CVD proc'ess. 

64. A semiconductor device comprising: 

i 

a semiconductor, substrate having an oxide 



gate electee; 

a first insulating: Javer overlying portions oflsaid obride laver^said junction 
laver and said gate electrode, said first insulating laver having a first plurality of contact 



holes of substantially equal depth over said function layer itnd said gate electrode, said 



first plurality of contact holes having a tapered upper portion audi a substantially vertical 



lower portion: 



a first metal laver filling said first plurality < )f conlact.holes so that said 



first metal layer is in contact with said junction laver and s aid gate electrode: 



aver, a junction laver and a 



a conductive layer pattern onsaid first insulating f aver spaced apart from 



said first metal Laver: 

a second insulating laver overlvin'g portions 



pattem^said first insulating laver and said first_piuralitv of contact holes, said second 



insulating laver having a second plurality of contact holes of substantially equal depth 



over said first metal layer and said conductive laver pattern: and 



a second metal layer filling said second plurality of contact holes, said 



second metal layer in contact with said first metal layer and said conductive laver pattern 



65. A semiconductor device comprising: 



of saib. conductive laver 
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a semiconductor substrate having an oxide laver. a junction laver and a 



gate electrode: 



a first insulating laver overlying portions ofjsaid oxide laver, said junction 



laver and said gate electrode, said first insulating! laver having a first plurality of contact 



holes of substantially equal depth over said junction laver and said gate electrode, said 



first plurality of contact holes having a tapered upper portion, wherein the tapered upper 
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portion is distinguishable from a substantially vertical lowfe- portion; 



a first conductive material laver filling said 



first plurality of contact holes 



so that said first conductive material layer is in contact with said junction layer and said 



gate electrode: 



^conductive laver pattern on said' first insulating layer spaced apart from 



said first conductive material laver: 

asecond insulating laver overlying portion^ of said conductive laver 



pattern, said first insulating layer and said first plurality of contact holes, said second 



insulating laver having a second plurality of contact holes of substantially eq ual depth 



over said first conductive material laver and said conductive laveir pattern: and 



a second conductive material laver filling said sectond plurality of contact 



holes, said second conductive material laver in contact with said first conductive material. 



laver and said conductive laver pattern. 



66. A semiconductor device_comprising: 
a semiconductor substrate having an oxide 



laver pattern: 



a first insulating laver overlying portions of 



conductive laver pattern, said first insulating laver having ; i first plurality of contact holes 



of substantially equal depth over said first conductive laver pattern, wherein said first 



plurality of contact holes have a tapered upper portion, wh 



i$_distinguishable from a substantially vertical lower portidm 



ayer and a first conductive 



said oxide laver and said first 



rein the tapered upper portion 
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a first conductive material layer filling said first nltiralitv of contact holes 
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so that said first conductive material layer is in contact with said first conductive layer 



pattern: 



a second conductive laver pattern on said fiist lyiyjlafinp; lay er spaced 



apart from said first conductive material layer: 

a second insulating layer overlying portions 



laver pattern, said first insulating laver and said first plural 



second insulating laver having a second plurality of contac : holes of substantially equal 



of said second conductive 



tv of contact holes, said 



depth over said first conductive material laver and said sec and conductive laver pattern: 



and 



a second conductive material layer filling & id secbnd plurality of contact 



holes, said second conductive material laver in contact with said first conductive material 



laver and said second conductive laver pattern* 



67, The device of claim 66. wherein said conductive material layers 



comprise a metal. 



68. The device of claim 67. wherein said metal comprises tungsten. 



69. The de vice of claim 66. wherein_said first conductive laver pattern 



comprises a pate electrode. 



70. The .device of claim 66. wherein said first conductive laver pattern 



comprises a gate electrode overlying a gate oxide. 



72. The device of claim 66. further comprising a junction layer on said 



substrate. 
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73. The_device of cl aim 1% w herein said junction Haver comprises a N+ 



juuction layer. 



74. The device of claim 72 1 wherein said junction laver comprises a P+ 
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junction lavex- 



75. The device of claim 66. wherein said first conductive laver pattern 



comprises polvsilicon. 



76. The device of claim 66. wherein said fiitet insulating laver comprises a 



first oxide laver. 



77. The device of claim 66. wherein said first plurality of contact holes are 



formed by a photoresist process. 



78. The device of claim 66. wherein said first plurality of contact holes are 



formed bv a wet etch process. 



79. The de vice nf cla im 66. wherein said firfet plurality of contact holes are 



formed bv a dry etch process. 



80. The device of claim 72. wherein said fnfct plurality of contact holes 



expose said junction laver. 



82. The device of claim 66. wherein said first plurality of contact holes are 



filled by a CVD process. 



83_JTbe device of claim 66. wherein said second conductive laver pattern 



comprises polvsilicon. 
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84. The device of claim 66. wherein said second insulating layer 



comprises a second oxide layer. 



85. The device of claim 66. wherein said second plurality of contact holes 



are formed bv a photoresist process. 



86. The device of claim 66. wherein said second plurality of contact holes 



are formed bv a wet etch process. 



87- The device of claim 66. wherein said second plurality of contact holes 



are formed bv a dry etch process. 



88. The device of claim 66^vherein said second plurality of contact holes 



Co' 



are filledJbv a CVD process. 
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